Deep vein thrombosis (DVT) is one of the most common cardiovascular diseases. The apoptosis of vascular endothelial cells is the most important cause of venous thrombosis. MicroRNAs (miRNAs) play important roles in the regulation of cell apoptosis. miRNA (miR)-195 is upregulated in the blood of patients with DVT, and it was predicted that Bcl-2 is a potential target of miR-195-5p. Therefore, it was hypothesized that miR-195-5p may play an important role in the development of DVT by targeting Bcl-2. The present study aimed to investigate the expression of miR-195-5p in DVT patients, and to explore whether miR-195-5p is involved in the development of DVT by regulating the apoptosis of vascular endothelial cells. The level of miR-195-5p was detected using reverse transcription-quantitative PCR. Dual luciferase reporter assays were used to determine the relationship between Bcl-2 and miR-195-5p. Cell viability was detected using MTT assays, and cell apoptosis was analyzed by flow cytometry. Protein levels of Bcl-2 and Bax were measured by western blotting. The results indicated that miR-195-5p was significantly upregulated in the blood of DVT patients. It was also revealed that Bcl-2 was a direct target of miR-195-5p, and that Bcl-2 was downregulated in the blood of patients with DVT. miR-195-5p downregulation promoted cell viability and inhibited the apoptosis of human umbilical vein endothelial cells (HUVECs). miR-195-5p upregulation inhibited cell viability and increased the apoptosis of HUVECs. All of the observed effects of miR-195-5p upregulation on HUVECs were reversed by raised Bcl-2 expression. In conclusion, miR-195-5p was significantly upregulated in patients with DVT, and it may be involved in the development of DVT by regulating the apoptosis of vascular endothelial cells. Therefore, miR-195-5p may be a potential target for predicting and treating DVT.
Introduction
Venous thromboembolism (VTE) is a clinically common vascular disease, including deep vein thrombosis (DVT) and pulmonary embolism (1, 2) . DVT refers to thrombosis in deep veins, including, but not limited to, femoral veins, iliac veins and intramuscular veins. According to the site of occurrence, DVT can be divided into upper limb DVT and lower limb DVT, with lower limb DVT being more common (3) . The typical clinical features of patients with DVT are lower limb muscle soreness, swelling and tenderness, but there is a lack of specific symptoms (4). On average, ~50% of DVT patients have no typical clinical manifestation, which may lead to missed diagnosis and misdiagnosis, and therefore increase the difficulty of treating DVT (2, 5) . Additionally, post-thrombotic syndrome (PTS) occurs in 20-50% of patients with DVT, even after the appropriate treatment (6) . PTS is the most common long-term complication in patients with DVT. The development of PTS is also associated with an increased risk of the recurrence of VTE, severely affecting the quality of life of patients and increasing the economic burden of families and society (7) (8) (9) . Therefore, timely and accurate diagnosis of DVT, as well as effective interventions, are of importance for alleviating the suffering of patients and even saving lives.
Currently, the mechanism of action behind the pathogenesis of DVT remains unclear, hindering its prevention and treatment (10) . It is now widely considered that vascular endothelial cells, the coagulation/anticoagulation system, the fibrinolysis/ antifibrin system, platelets, changes in blood rheology, inflammatory factors and other factors are all involved in the pathophysiology behind DVT (11) . At present, vascular wall injury, changes in blood flow and abnormal blood components are considered to be the three most notable factors behind thrombosis (12) . Among them, blood vessel wall injury mainly constitutes damage to vascular endothelial cells. Vascular endothelial cell damage includes apoptosis, which is the most important cause of venous thrombosis (13, 14) . Previous studies have confirmed that damage to vascular endothelial cells are closely associated with the development of DVT, and the apoptosis of vascular endothelial cells reduces the levels of active substances and impairs their multiple defense functions in blood vessels, as well as reducing the stability of the anticoagulation-fibrinolytic system, thus increasing the risk of thrombus formation (14) (15) (16) (17) .
MicroRNAs (miRNAs) are endogenous non-coding single-stranded small-molecule RNAs, found in eukaryotic cells, that are ~22 nucleotides in length (18, 19) . miRNAs regulate gene expression at the post-transcriptional level mainly by binding to the 3'-untranslated region (3'-UTR) of target mRNAs, inhibiting translation or degradation (18) . miRNAs are widely involved in the regulation of physiological and pathological processes in various cells and tissues, and are involved with cell differentiation, proliferation, apoptosis, and the development of tissues and organs (20) (21) (22) . In recent years, increasing evidence has indicated that miRNAs play an important role in the development of DVT (23) (24) (25) (26) (27) . miRNA (miR)-195-5p has been studied in several cancer types including breast cancer (28) , non-small cell lung cancer (29) , cervical carcinoma (30) and human endometrial carcinoma (31) . miR-195-5p has also been found to regulate hair follicle inductivity of dermal papilla cells by suppressing the activation of the Wnt/β-Catenin signaling pathway (32) . Furthermore, it has been suggested that both peripheral blood and urinary miR-195-5p may be a potential biomarker for membranous nephropathy (33) . All of these observations indicated that miR-195-5p is expressed differently under different pathophysiological conditions and that miR-195-5p plays a very important role in regulating cell growth. Additionally, miR-195-5p has been proven to promote pulmonary arterial smooth muscle cell proliferation and migration in pulmonary arterial hypertension (34) . Additionally, higher expression of miR-195-5p inhibits angiogenesis in preeclampsia (35) . A recent study reported that miR-195 is upregulated in the blood of DVT patients (36) ; however, to the best of our knowledge, the expression and role of miR-195-5p in DVT remain unclear. Bcl-2, the founding member of the Bcl-2 protein family, has anti-apoptotic activity, and the anti-apoptotic function of Bcl-2 is mediated by its effects on intracellular Ca 2+ homeostasis and dynamics (37) . It was found by bioinformatics analysis that miR-195-5p binds to the 3'-UTR of Bcl-2, suggesting a direct interaction between miR-195-5p and Bcl-2. Therefore, it was hypothesized that miR-195-5p may be involved in DVT development by regulating vascular endothelial cell apoptosis.
Therefore, the aim of the present study was to investigate the expression of miR-195-5p in DVT patients, and to explore whether miR-195-5p is involved in the development of DVT by regulating the apoptosis of vascular endothelial cells.
Materials and methods
Clinical samples. This present study was approved by the ethics review committee of the Gansu Provincial Hospital of TCM, and all patients provided their written informed consent. Peripheral blood (5 ml/subject) was collected from 15 patients with DVT and from 15 healthy volunteers. All DVT patients were confirmed by color Doppler ultrasonography (38) . The Doppler ultrasonographic criteria for DVT were as follows: No flow signal; direct clot visualization; the absence of spontaneous flow; and the absence of respiration-modulated phasicity of the evaluated veins. The criterion for diagnosis of DVT was a filling defect of the venous lumen in more than two observations, following the American College of Chest Physicians Evidence-Based Clinical Practice Guidelines of diagnosis for DVT (39) . The exclusion criteria for the study were as follows: Ongoing anticoagulation treatment for >3 months; pregnancy; duration of symptoms for more than 1 year; and previous thrombosis within the last year.
Cell culture. HUVECs were obtained from the American Type Culture Collection. Cells were cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.) containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and maintained at 37˚C with 5% CO 2 .
Dual luciferase reporter assay. The binding sites between miR-195-5p and Bcl-2 were predicted using TargetScan bioinformatics software (version 7.1; www.targetscan. org/vert_71). To confirm predictions, dual luciferase reporter assays were performed. The wild-type (WT)-Bcl-2 and mutant (MUT)-Bcl-2 3'-UTRs of Bcl-2 were cloned into a pmiR-RB-Report™ dual luciferase reporter gene plasmid vector (Guangzhou RiboBio Co., Ltd.) according to the manufacturer's instructions. HUVECs were co-transfected with WT-Bcl-2 or MUT-Bcl-2 and miR-195-5p mimic or mimic control by using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C for 48 h. A total of 48 h after cell transfection, the luciferase activity was analyzed using the dual-luciferase assay system (Promega Corporation). Luciferase activity was normalized to the Renilla luciferase activity in the current study.
Cell transfection. Inhibitor control (chemically modified RNA single strand), miR-195-5p inhibitor (chemically modified RNA single strand), mimic control and miR-195-5p mimic were purchased from Guangzhou RiboBio Co., Ltd. HUVECs were plated into 6-well plates at a density of 1x10 6 cells/well and cultured at 37˚C with 5% CO 2 for 24 h. Then, 100 nM miR-195-5p inhibitor (5'-GCC AAU AUU UCU GUG CUG CUA-3'), 100 nM inhibitor control (5'-CAG UAC UUU UGU GUA GUA CAA-3'), 50 nM miR-195-5p mimic (5'-UAG CAG CAC AGA AAU AUU GGC-3'), 50 nM mimic control (5'-UUC UCC GAA CGU GUC ACG UTT-3'), 1 µg Bcl-2 CRISPR Activation Plasmid (Bcl-2 plasmid; cat no. sc400025-ACT; Santa Cruz Biotechnology, Inc.), 1 µg control CRISPR Activation Plasmid (control plasmid; cat no. sc-437275; Santa Cruz Biotechnology, Inc.), or 50 nM miR-195-5p mimic + 1 µg Bcl-2 plasmid was transfected into HUVECs by using Lipofectamine 2000, according to the manufacturer's protocols. A total of 48 h after cell transfection, reverse transcription-quantitative PCR (RT-qPCR) was performed to assess the transfection efficiency.
MTT assay. MTT assays were performed to detect the cell viability. Briefly, 48 h after cell transfection, HUVECs were seeded into a 96-well plate (2x10 4 cells/well). Then, 10 µl MTT reagent (Beyotime Institute of Biotechnology) was added to each well and the cells were further incubated for 4 h at 37˚C, following which 150 µl DMSO was used to dissolve the purple formazan crystals. Finally, absorbance at a wavelength of 490 nm was measured using an automatic enzyme-linked immune detector. Cell viability was calculated using the following formula: Cell viability=optical density (OD) of treated cells/OD (control) x100%. Tests were repeated three times.
Cell apoptosis assay. After transfection for 48 h, the apoptosis of HUVECs was analyzed by using the Annexin V-F I TC/propidium iodide apoptosis detection kit [cat no. 70-AP101-100; Hangzhou Multi Sciences (Lianke) Biotech Co., Ltd.] in line with the manufacturer's instructions. BD FACSCalibur™ flow cytometer with Cell Quest software (version 5.1; BD Biosciences), was used to detect the cell apoptosis rate. Each experiment was repeated three times.
RT-qPCR. To extract the total RNA from blood samples and cells, TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used according to the manufacturer's instructions. Total RNA was reverse transcribed into cDNAs using the miScript Reverse Transcription kit (Qiagen GmbH). The temperature protocol for the reverse transcription reaction was as follows: 25˚C for 5 min, 42˚C for 60 min and 80˚C for 2 min. For qPCR analysis, the QuantiFast SYBR Green PCR kit (Qiagen GmbH) was used. Amplification conditions were as follows: 95˚C for 10 min; and 35 cycles of 95˚C for 15 sec and 55˚C for 40 sec. GAPDH was used as the internal control for Bcl-2 and Bax mRNA expression, and U6 was used as the internal control for miR-195-5p expression. Primer sequences for PCR were as follows: GAPDH, forward 5-'CTT TGG TAT CGT GGA AGG ACTC-3' , reverse 5-'GTA GAG GCA GGG ATG ATG TTCT-3'; U6, forward 5-'GCT TCG GCA GCA CAT ATA CTA AAAT-3' , reverse 5-'CGC TTC ACG AAT TTG CGT GTC AT-3'; miR-195-5p forward 5-'GGGGTAGCAGCACAGAAAT-3' , reverse 5-'TCC AGT GCG TGT CGT GGA-3'; Bcl2 forward 5'-GCC CTG TGG ATG ACT GAGTA-3' , reverse, 5'-GGC CGT ACA GTT CCA CAA AG-3'; and Bax, forward 5'-TGG CAG CTG ACA TGT TTT CTGAC-3' , reverse 5'-TCA CCC AAC CAC CCT GGT CTT-3' . Relative gene expression was calculated by using the 2 -ΔΔCq method (40) .
Western blotting. Proteins from cells or blood samples were extracted using the RIPA lysis buffer (Beyotime Institute of Biotechnology). Protein concentration was quantified using Bicinchoninic Acid Protein Assay kit. Proteins (30 µg/lane) were separated by using SDS-PAGE on a 12% gel, and then transferred onto the PVDF membranes. Membranes were then blocked with 5% skim milk at room temperature for 1.5 h and incubated with primary antibodies overnight at 4˚C: Bcl-2 (cat no. 4223; 1:1,000; Cell Signaling Technology, Inc.), Bax (cat no. 5023; 1:1,000; Cell Signaling Technology, Inc.), and β-actin (cat no. 4970; 1:1,000; Cell Signaling Technology, Inc.). The membranes were finally incubated with the horseradish peroxidase-conjugated anti-rabbit IgG secondary antibody (cat no. 7074; dilution ratio: 1:5,000; Cell Signaling Technology, Inc.) at room temperature for 2 h. To visualize the protein bands, the ECL detection system (Thermo Fisher Scientific, Inc.) was used. Protein bands were quantified using. β-actin was used as a reference protein for each experiment and each experiment was repeated three times. Densitometric analyzes were performed using ImageJ software (version 1.38X; National Institutes of Health).
Statistical analysis.
Data were analyzed using SPSS 18.0 software (SPSS, Inc.), and are presented as the mean ± SD. Comparisons between groups were made by Students t-test or one-way ANOVA with Tukey's post hoc tests. P<0.05 was considered to indicate a statistically significant difference.
Results

miR-195-5p is upregulated in patients with DVT.
Levels of miR-195-5p in the peripheral blood were first analyzed in samples from 15 DVT patients and in 15 volunteers, using RT-qPCR. Levels of miR-195-5p in the peripheral blood from DVT patients was significantly higher than those in the peripheral blood from the healthy volunteers ( Fig. 1) . These data indicated that miR-195-5p is involved in DVT progression.
Bcl-2 is a direct target of miR-195-5p. Results from TargetScan bioinformatics software indicated that miR-195-5p has hundreds of potential target genes, including Bcl-2 ( Fig. 2A) . Bcl-2, the founding member of the Bcl-2 protein family, is a widely known anti-apoptotic gene (37) . Apoptosis plays a crucial role in the pathophysiology of venous thrombosis (13,14), and Bcl-2 has been identified to participate in the development of thrombosis (41) . Therefore, it was hypothesized that miR-195-5p may play an important role in the development of DVT by affecting the apoptosis of vascular endothelial cells by regulating the expression of Bcl-2. Thus, Bcl-2 was chosen for further study, and the dual luciferase reporter assay supported the prediction (Fig. 2B) . The results showed that Bcl-2 was a direct target of miR-195-5p.
Furthermore, the mRNA levels of Bcl-2 in the peripheral blood from DVT patients was significantly lower than that in the peripheral blood from the healthy volunteers (Fig. 2C) . Randomly selected blood samples from 2 DVT patients and 2 healthy volunteers were tested for Bcl-2 protein expression. The protein level of Bcl-2 in the peripheral blood from DVT patients was lower than that in the peripheral blood from the healthy volunteers ( Fig. 2D and E) . As Bcl-2 is a well-known anti-apoptotic gene, it was hypothesized that miR-195-5p may be involved in the development and progression of DVT by regulating the apoptosis of vascular endothelial cells.
miR-195-5p downregulation promotes cell viability and inhibits apoptosis in HUVECs.
To investigate the effect of miR-195-5p downregulation on the proliferation and apoptosis of HUVECs, control inhibitor or miR-195-5p inhibitor was transfected into HUVECs for 48 h. Compared with the inhibitor control group, miR-195-5p inhibitor significantly inhibited miR-195-5p expression in HUVECs (Fig. 3A) . miR-195-5p inhibitor significantly enhanced the cell viability and inhibited the apoptosis of HUVECs (Fig. 3B and C) . Additonally, compared with the inhibitor control group, the mRNA level of Bcl-2 was significantly enhanced, while Bax mRNA expression was reduced ( Fig. 3D and E) . Compared with the inhibitor control group, Bcl-2 protein levels appeared raised, while Bax protein expression levels appeared reduced in HUVECs transfected with miR-195-5p inhibitor (Fig. 3F) .
miR-195-5p upregulation inhibits cell viability and induces apoptosis in HUVECs.
To investigate the effect of miR-195-5p upregulation on the proliferation and apoptosis of HUVECs, HUVECs were transfected with miR-195-5p mimic, mimic control, Bcl-2-plasmid, control-plasmid, or miR-195-5p mimic + Bcl-2-plasmid, for 48 h. Compared with the mimic control group, miR-195-5p mimic significantly raised miR-195-5p expression in HUVECs (Fig. 4A) . Transfection with the Bcl-2-plasmid significantly increased the mRNA expression of Bcl-2 in HUVECs (Fig. 4B) . Similarly, the Bcl-2-plasmid appeared to markedly raise the protein expression of Bcl-2 (Fig. 4C) . miR-195-5p mimic significantly inhibited the cell viability and induced the apoptosis of HUVECs, although these effects were reversed by Bcl-2-plasmid ( Fig. 4D and E) . Additionally, compared with the mimic control group, miR-195-5p mimic appeared to greatly reduce the protein levels of Bcl-2, while also appearing to increase Bax protein expression levels (Fig. 4F) . These changes appeared to reverse when HUVECs were also transfected with the Bcl-2-plasmid. Compared with the mimic control group, miR-195-5p mimic significantly reduced the mRNA levels of Bcl-2, while Bax mRNA expression increased ( Fig. 4G and H) , and these changes were reversed when the Bcl-2-plasmid was co-transfected with miR-195-5p mimic.
Discussion
DVT is a clinically common peripheral vascular lesion (1, 2) . Current clinical treatments for DVT include anti-coagulation, thrombolysis and surgical thrombectomy. However, all of the aforementioned methods have the disadvantages of PTS, low long-term patency rate, and easy recurrence. Therefore, developing more effective treatments for DVT is an important area of research for vascular surgeons. There is increasing evidence indicating that miRNAs, as micro-regulators, play an important role in regulating angiogenic signaling pathways (36, 42) .
miR-195-5p has been discovered to play important roles in various cancer types, including cervical carcinoma, human endometrial carcinoma, colorectal cancer, melanoma and osteosarcoma by regulating cell proliferation and apoptosis (30, 31, (43) (44) (45) . A recent study also reported the inhibitory role of miR-195 in angiogenesis in human prostate cancer (46) . Furthermore, Sandrim et al (35) revealed an anti-angiogenic role for miR-195-5p in endothelial cells. miR-195 is upregulated in the blood of DVT patients (36) . However, the expression and role of miR-195-5p in DVT remain unclear. This present study investigated the expression of miR-195-5p in DVT patients, and explored whether miR-195-5p was involved in the pathophysiology of DVT by regulating the apoptosis of vascular endothelial cells.
Firstly, miR-195-5p levels were detected in the blood of DVT patients and healthy controls using RT-qPCR. The results indicated that compared with the healthy controls, miR-195-5p was significantly upregulated in the peripheral blood of DVT patients, indicating that miR-195-5p has a role in the development of DVT. Bcl-2, a well-known anti-apoptotic gene, was identified as a direct target of miR-195-5p, which also appeared to be downregulated in the peripheral blood of DVT patients. Thus, it was hypothesized that miR-195-5p may be involved in the development and progression of DVT by regulating apoptosis in vascular endothelial cells. It has to be noted, however, that a limitation of this present study is that only two DVT samples were analyzed.
Subsequently, the role of miR-195-5p in the regulation of cell viability and apoptosis of vascular endothelial cells was Taken together, the present study indicated that miR-195-5p was significantly upregulated in DVT patients, and that it may be involved in the development of DVT by regulating the apoptosis of vascular endothelial cells. It was further identified that Bcl-2 was a direct target of miR-195-5p, and that Bcl-2 was downregulated in the peripheral blood of DVT patients. Thus, it is thought that the downregulation of Bcl-2 in the peripheral blood of DVT patients was associated with the upregulation of miR-195-5p. Moreover, the data of this present study indicated that downregulation of miR-195-5p significantly promoted the cell viability and inhibited the apoptosis of HUVECs. Raised miR-195-5p expression inhibited cell viability and induced apoptosis in HUVECs, changes that were reversed by raised Bcl-2 expression. These data indicated that miR-195-5p was involved in the development of DVT by regulating the apoptosis of vascular endothelial cells. Therefore, miR-195-5p may be a potential DVT biomarker and therapeutic target. However, this study is only a preliminary study of miR-195-5p in DVT and as such, contains limitations. The sample size of this study was based on previous studies (21) (22) (23) . A power analysis should be performed for future studies to determine the effective sample volume. Furthermore, a ʻmimic + control plasmid groupʼ was not set up in this study. Finally, in vivo experiments are also required to further this research.
